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SEMICONDUCTOR INTEGRATED CIRCUIT
INCLUDING A SUBSTRATE HAVING A MEMORY
CELL ARRAY SURROUNDED BY A WELL
STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor
integrated circuit, in particular, a semiconductor inte-
grated circuit for a microcomputer having, for example,
a built-in EEPROM.

2. Description of the Related Art

Referring to FIGS. 4 to 9 and taking a semiconductor
mtegrated circuit for a microcomputer having a built-in
EEPROM as an example, the constructions and opera-
tions or the EEPROM and its peripheral circuits will be
described.

F1G. 4 1s a block diagram which schematically shows
the construction of an IC card microcomputer having a
built-in electrically erasable programmable read only
memory (EEPROM). In FIG. 4, 10 denotes an IC card
or a microcomputer for data processing. In the mi-
crocomputer 10, 1 denotes a central processing unit
(CPU) that performs computation and control neces-
sary for data processing; that is, executes and controls
programs for data processing. 4 denotes a ROM serving
as a program memory that contains programs necessary
for data processing; that is, programs for executing
various functions a card user uses in practice. 5 denotes
a nonvolatile EEPROM serving as a personal informa-
tion memory in which card user’s personal information
are written. 6 denotes a RAN serving as a temporary
memory that contains data necessary for data process-
ing temporarily. 7 denotes an input/output circuit serv-
ing as an input/output unit for inputting and outputting
data from and to external units. 2 denotes a system bus
for interconnecting the above components. P1 repre-
sents a positive power supply input pin. P2 represents a
negative power supply ground pin. P3 represents a reset
pin for inputting a reset signal that initializes the CPU 1.
P4 represents a clock pin for inputting a clock signal. P5
represents an input/output pin for inputting and output-
ting data. The input/output pin P5 is connected with
the mput/output circuit 7. The input/output circuit 7 is
connected to the system bus 2. The input/output circuit
7 inputs and outputs data from and to external units (not
shown) via the input/output pin P5.

FIG. § 1s a block diagram showing an overall con-
struction of an EEPROM. In FIG. 5, 31 denotes a mem-
ory cell array in which memory cells are arranged in the
form of a matrix (See FIGS. 6 and 7), and connected to
word lines in rows and to bit lines in columns (See FIG.
7). 2a denotes an address bus, and 2b, a data bus. These
buses are included in a system bus. A word line is se-
lected by a row decoder 32, while a bit line is selected
by a column decoder 33. The row decoder 32 sets a
word line at a high level and the other word lines at a
low level according to a row address Ar fetched via an
address latch 34. The column decoder 33 selectively
turns on a Y gate 35 according to a column address Ac
fetched via the address laich 34, thus electrically cou-
pling a write buffer 36 and a bit line. The row decoder
32 and column decoder 33 are activated or inactivated
under the control of a control unit 37. The address latch
34 fetches an address signal on the basis of an output of
the control unit 37, and outputs a row address Ar and a
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column address Ac 10 the row decoder 32 and column
decoder 33. -

The control unit 37 uses a timer 38 to set the duration
of a given pulse, and controls the activation or inactiva-
tion of an oscillator 45, a Vpp generator 44, a column
latch 39, Vpp switches 40 and 46, a sense amplifier 41,
the row decoder 32, and the column decoder 33. Based
on a control clock signal ¢ and a write signal WR, the
control unit 37 causes the data latch 43 to latch data to
be written over the data bus 25, then supplies the data to
the write buffer 36.

When activated, the column latch 39 latches or tem-
porarily holds write data placed on bit lines. When
activated, the Vpp switches 44 and 46 boost the high-
level signals on a bit line or a control gate line con-
nected to the column latch 39 (See FIG. 7), and a word
line connected to the row decoder 32 up to a high volt-
age Vpp. When activated, the sense amplifier 41 ampli-
ftes the data of a memory cell included in the memory
cell array 31, and supplies the amplified data to the
output buffer 42. Based on the output of the control unit
37, the output buffer 42 places data read from the sense
amplifier 41 as read data on the data bus 26. The control
unit 37 controls the address latch 34 and output buffer
42 on the basis of the control clock signal ¢ and read
signal RD.

FIGS. 6A and 6B show a memory cell included in a
memory cell array 31 of an EEPROM shown in FIG. 5.
FIG. 6A shows a cross-sectional structure. FIG. 6B
shows an equivalent circuit of FIG. 6A. As shown in
FIGS. 6A and 6B, the memory cell is made up of a
memory transistor MQ and a selection transistor SQ. As
shown in FIG. 6A, n+ diffused regions 21 to 23 are
formed by selectively diffusing n-type impurities into a
p-type semiconductor substrate 20. 29 denotes an insu-
lating layer. A gate 24 is disposed between the n+ dif-
fused regions 21 and 22, and separated from the n+
diffused regions 21 and 22 by an oxide film 47. A float-
ing gate 25 is disposed between the n+ diffused regions
22 and 23 extending from above part of the n+ diffused
region 22, and is separated from the n+ diffused regions
22 and 23 by an oxide film 48. The portion of the float-
ing gate 25 above the n+ diffused region 22 has a con-
cave structure. The oxide film 48 beneath the concave
portion serves as a tunnel oxide film 48g about 100
angstroms thick. A control gate 26 is disposed above the
floating gate 25 with an oxide film 49 between and has
a concave portion in the same manner as the floating
gate 25. A bit line 28 made of an aluminum layer extends
from the n+ diffused region 21.

In the memory cell having the foregoing construc-
tion, as shown in FIG. 6B, an enhancement-mode selec-
tion transistor SQ is connected in series with a memory
transistor MQ whose threshold voltage is variable. That
is to say, the selection transistor SQ uses the gate 24 as
the gate, the n+ diffused region 21 as the drain, and the
n+ diffused region 22 as the source. The memory tran-
sistor MQ is configured using the floating gate 25 and
the control gate 26 as the gate, the n+ diffused region 22
as the drain, and the n+ diffused region 23 as the source.

Wiriting in the memory transistor MQ is, in principle,
achieved as follows: an electric field of about 10
MV/cm 1s developed on the tunnel oxide film 48z by
applying a high voltage to either the drain 22 or control
gate 26, and grounding either of the drain 22 or control
gate 26 to which a high voltage is not applied, so that
electrons are imjected at or drained from the floating
gate 23. Specifically, when electrons are injected at the
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floating gate 25 of the memory transistor MQ, the
threshold voltage shifts to be positive. When electrons
are drained from the floating gate 25, the threshold
voltage shifts to be negative. The positive and negative
threshold voltages are represented as information 1 or 0.
Thereby, nonvolatile writing is accomplished.

On the other hand, reading information from the
memory transistor MQ is, in principle, achieved as fol-
lows: a high-level signal is applied to the gate 24 of the
selection transistor SQ of a selected memory cell, the
source 23 of the memory transistor MQ is set to the
ground potential, and then a read voltage VCG of, for
example, about 0 V is applied to the control gate 26. At
this time, if the threshold voltage of the memory transis-
tor MQ is positive, the memory transistor MQ is turned
off. If the threshold voltage is negative, the memory
transistor MQ is turned on. When the memory transis-
tor MQ is turned on, current flows from the bit line 28
into the ground level via the selection transistor SQ and
memory transistor MQ. The sense amplifier 41 (See
FIG. 5) connected to the bit line 28 converts the current
into a voltage. Thus, a signal is detected, and reading is
accomplished. The gate 24 of a selection transistor SQ
of a memory cell that is not selected is provided with a
low-level signal. This turns off the memory transistor
MQ. Therefore, even when the memory transistor MQ
has a negative threshold voltage, current will not flow
from the bit line 28 to the ground level.

FIG. 7 1s a circuit diagram showing construction of

peripheral circuits of a memory cell array 31 of the
EEPROM shown in FIG. 5. In FIG. 7, four 1-bit 1-byte
memory cells MC1, MC2, MC3, and MC4 alone are
shown for simplification. In the following description,
signal lines and signals running on the signal lines are
expressed with the same numerals. The memory cells
MC1 to MC4 are, as shown in FIG. 6, made up of mem-
ory tramsistors MQ1, MQ2, MQ3, and MQ4, and selec-
tion transistors SQ1, SQ2, SQ3, and SQ4. The drains of
the selection transistors SQ1 and SQ2 are connected to
a bit line BL1. The drains of the selection transistors
SQ1 and SQ2 are connected to a bit line BL2. The
sources of the memory transistors MQ1 and MQ2 are
connected to a source line SL1. The sources of the
memory transistors MQ3 and MQ4 are connected to a
source line S1.2.

The source lines SL1 and SL.2 are grounded via tran-
sistors TS1 and T52 whose gates are provided with a
reverse program cycle selection signal PRS. The con-
trol gates of the memory transistors MQ1 and MQ2 are
connected to a control gate line CGL1 via byte selec-
tion transistors T1 and T2. Similarly, the control gates
of the memory transistors MQ3 and MQ4 are connected
to a control gate line CGL2 via byte selection transis-
tors T3 and T4. The gates of the transistors T1 and T3,
and those of the selection transistors SQ1 and SQ3 are
connected to a word line WL1. The gates of the transis-
tors T2 and T4, and those of the selection transistors
SQ2 and SQ4 are connected to a word line W1.2. Ends
of the word lines WL1 and W12 are connected to a row
decoder 32 via high-voltage cutoff transistors T5 and
16 whose gates are provided with a supply voltage
Vce.

Ends of bit lines BLL1 and BL.2, and those of the con-
trol gate lines CGL1 and CCL2 are connected to col-
umn latches 39a, 395, 39¢, and 394 via transistors T7,
18, T9, and T10. The other ends of the control gate
lines CCL1 and CGL2 are connected to a common
control gate line CCGL via Y-gate transistors T61 and
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'T62. The other ends of the bit lines BL1 and BL2 are
connected to an mput/output line I/0 via Y-gate tran-
sistors T71 and T72. The gates of the transistors T61
and T71 are connected to an output line CDL1 of a
column decoder 33. Similarly, the gates of the transis-
tors 162 and T72 are connected to an output line
CDL2. The common control gate line CCGL is con-
nected to a buffer BF1. The input/output line 1/0 is
connected to a write buffer 36 and to a sense amplifier
41. The control gate lines CGL1 and CGL2, the bit
lines BL1 and BL2, and the word lines W11 and WL2
are connected to Vpp switches 40a to 40d, 46e, and 461
The Vpp switches 40a to 40d, 46¢, and 46f are con-
nected to a high-voltage line VPPL over which a high
voltage of about 15 to 20 V is supplied. The Vpp
switches 40a to 40d, 46¢, and 44f fetch erasing clock
signals CLKE, program clock signals CLKP, and word
line clock signals CLKW. In response to these clock
signals, the connected control gate lines CGL1 and
CGL2, bit lines BL1 and B1.2, and word lines W11 and
WL2 are boosted to a high voltage Vpp when they are
high. Even when the word lines WL1 and WL2 are
boosted to the high voltage Vpp, the transistors T5 and
T6 whose gates are provided with a supply voltage Vcc
prevents the high voltage Vpp from entering the row
decoder 32.

A b1t signal transfer control signal BT TR is fed to the
gates of the transistors T7 and T8. A control gate signal
transfer control signal CGTR is fed to the gates of the
transistors T9 and T10. When these signals are high,
signals are transferred between the bit line BL1 or BL2,
or the control gate line CGL1 or CGL2, and the col-
umn latch 39q, 395, 39¢, or 394. Even when the bit line
BL1 or BL2, or the control gate line CGL1 or CGL2 is
boosted to the high voltage Vpp, since the gates of the
transistors T7 to T10 are at the level of Vcc, the high
voltage Vpp will not be applied to the column latch 39¢,
396, 39¢, or 394.

Transistors 11 and 12 are connected to the control
gate lines CGL1 and CGL.2. A control gate line reset
signal CRGST is fed to the gates of the transistors T11
and T12. When the control gate line reset signal
CRGST is driven high, the control gate lines CGL1 and
CGL2 become low. Transistors T13 and T14 are con-
nected to the bit lines BL1 and BL2. A bit line reset
signal BTRST is fed to the gates of the transistors T13
and T14. When the bit line reset signal BTRST is driven
high, the bit lines BL1 and BL2 become low.

‘Transistors T15 and T17 are connected to the bit lines
BL.1 and BL2. Transistors T16 and T18 are connected
to the transistors T15 and T17. The gates of the transis-
tors T1S and T17 are connected with the column
latches 392 and 395. A pre-charge signal PRCH is fed to
the gates of the tramsistors T16 and T18. When the
signals at the column latches 39q and 395 are high, if the
pre-charge signal PRCH is driven high, the bit lines
BL1 and BL2 become high.

The reverse program cycle selection signal PRS,
control gate line reset signal CGRST, bit line reset
signal BTRST, control gate signal transfer control sig-
nal CGTR, bit signal transfer control signal BTTR, and
pre-charge signal PRCH are driven by buffers BF2,
BF3, BF4, BF5, BFG, and BF7.

Next, referring to FIG. 7, an EEPROM reading oper-
ation will be described. First, a row decoder 32 and a
column decoder 33 select a word line WL, a control
gate line CGL. and a bit line BL. Herein, it is assumed
that a memory cell MC1 is specified because a word line
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WL1 is selected, and a control gate line CGL.1 and a bit
line BL1 are selected by turning on transistors T61 ant
T72. A reverse program cycle selection signal PRS is
driven high, and source lines SL1 and SL2 are
grounded. A control unit 37 inactivates column latches
30z to 304, Vpp switches 40a to 40d, 46¢, and 46f, and
a write buffer 36. Then, the control unit 37 causes a
buffer BF1 to place OV on a common control gate line
CCGL, so that the 0 V will be applied to a control gate
of a memory transistor MQ1 via a transistor T61 and a
transistor T1. At this time, the memory transistor MQ1
1s turned off when its threshold voltage is positive. The
memory transistor MQ1 is turned on when its threshold
voltage is negative. Depending on the on or off state of
the memory transistor MQ1, the presence or absence of
current flowing over the bit line BL1 is detected as a
potential variation in an input/output line 1/0 by a
sense amplifier 41. The sense amplifier outputs a read
signal in which the potential variation is amplified.
Thus, reading is achieved.

F1G. 9 is a timing chart showing various signal wave-
forms during EEPROM writing. Referring to FIGS. 5
to 7, and 9, a writing operating will be described on the
assumption that a memory cell MC1 is selected. First,
when a latch signal LATCH is driven high with a latch
start signal WE, a latch cycle starts. At the start of the
latch cycle, a control unit 37 activates column latches
39q to 394, a column decoder 33, and a write buffer 36.
Then, a common control gate line CCGL is driven
high. On the other hand, a row decoder 32 and a sense
amplifier 41 are inactivated under the control of the
control unit 37.

When the latch signal LATCH is high, transistors
'T61 and T72 selected by the column decoder 33 are
turned on. Then, data in a data latch 43 (information O
represents a high level, while information 1 represents a
low level) 1s latched by a column latch 395 after passing
through the write buffer 36, an input/output line 1/0, a
bit line BL1, and a transistor T7. A high-level signal is
Jatched by the column latch 39¢ after passing through
the common control gate line CCGL and a control gate
line CGL1. Next, when a write start signal CE is driven
high temporarily, the signal LATCH becomes low.
Then, an erasing cycle signal ERS rises to start an eras-
ing cycle. When the erasing cycle signal ERS is high,
the erasing cycle is under way. When a program cycle
selection signal PRS (i.e. a reverse signal of a reverse
program cycle selection signal PRS) is high, a program
cycle is under way. The control unit 37 uses a timer 38
to set the pulse durations of the high-level signals ERS
and PRS to given values.

During an erasing cycle, the control unit 37 activates
the row decoder 32. The row decoder 32 sets only a
word line WL1 to a high level. The control unit 37
inactivates the column decoder 33. When a high voltage
Vpp having a pulse duration of about 4 milliseconds is
placed on a high-voltage line VPPL, the high voltage
Vpp 1s applied to Vpp switches 40a to 40d, 46¢, and 46f-
Then, the control unit 37 causes a high-frequency oscil-
lator made up of an oscillator 45 and a Vpp generator 44
to supply an erasing clock CLKE having a high fre-
quency of several megahertz and a word line clock
signal CLKW to the Vpp switches 40z and 405, and 46¢
and 46/. Since the reverse program cycle selection sig-
nal PRS is high, the source lines SL1 and SL2 are
grounded. In this setting, the Vpp switches 40q and 46¢
boost the high-level signals on the word line WL1 and
control gate line CGL1 to a high voltage Vpp. Then,
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charge carrier tunneling occurs between the floating
gate 25 (See FIG. 6) and the drain region (n+ diffused
region 22) of the memory transistor MQ1. Electrons are
injected at the floating gate 25, and the threshold volt-
age of the memory transistor MQ1 shifts to be positive
(information 1 is stored). When the erasing cycle is
completed, the potential of the control gate line CGL1
reset to a low level.

Next, the erasing cycle signal ERS rises, and the
precharge signal PRCH becomes high. After that, the
program cycle selection signal PRS rises to start a pro-
gram cycle. The control unit 37 inactivates a word line
clock signal CLKW and an erasing clock signal CLKE,
and causes the high-frequency oscillator to supply a
high-frequency program clock signal CLKP having a
frequency of several megahertz and a word line clock
signal CLKW to the Vpp switches 40c and 404, and 46¢
and 46f. At this time, since the reverse signal PRS is
low, the source line SL1 is floating. In this setting, if a
high-level signal is latched by the column latch 394, the
word line WL1 and bit line BL1 are boosted to a high
voltage Vpp. Charge carrier tunneling occurs between
the floating gate 25 (See FIG. 6) and the drain region
(n+ diffused region 22) of the memory transistor MQ1.
Thereby, electrons are drained from the floating gate
25, and the threshold voltage of the memory transistor
MQ1 shifts to be negative (information O is stored). On
the other hand, if the column latch 39z latches a low-
level signal, only the word line WL1 is boosted to the
high voltage Vpp. Therefore, the threshold voltage of

the memory transistor MQ1 does not vary. Thus, writ-
ing terminates.

Next, a circuit diagram showing the internal con-
struction of the Vpp generator (high-voltage generator)
44 shown 1n FIG. 5 will be described with respect to
FIG. 8.

The gate and drain of a transistor M1 are connected
to each other, and a capacitor C1 is connected to that
junction. The source of the transistor M1 is connected
to the drain of a transistor M2 in the next stage. The
gate and drain of the transistor M2 are connected to
each other, and a capacitor C2 is connected to that
junction. Clock signals CLK2 and CILLK1 that are 180°
out of phase with each other are fed to the ends of the
capacitors C1 and C2 that are not connected with the
drains of the tramsistors M1 and M2. Transistors are
concatenated in multiple stages in the above manner.
The drain of the transistor M1 at the first stage is con-
nected to the source of a transistor M4. The drain of the
transistor M4 is connected to a supply voltage Vcc, and
the gate of the transistor M4 is controlied by the output
signal of a control unit 37. The source current of the
transistor M3 at the final stage is provided as an output
of a charge pump. A high voltage Vpp that is an output
of the Vpp generator 44 is fed to the Vpp switches 40a
to 40d, 46e and 46f over a high-voltage line VPPL.
According to a control signal, a control gate line CCL1
or CCL2, a bit line BL1 or BL2, and a word line WL1
or WL2 are boosted to a high voltage. A transistor M7
discharges the high voltage Vpp in response to a signal
sent from the control unit 37.

A waveform shaping circuit 200 will be described
later.

Next, the comnstruction of a high-voltage switch
shown in FIG. 7 will be described with respect to the
high-voltage switch 40c. The other high-voltage
switches have the same construction as the high-voltage
swiitch 40c and, therefore, will not be described.
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A high voltage is fed to the drain of a transistor MS5.
The source of the transistor M5 is connected to the
drain of a transistor M6 that is connected as a diode and
to one electrode of a capacitor C4. In a diode connec-
tion, a gate and a drain of a transistor are connected
together so that across the source and drain, the transis-
tor functions as a diode. The source of the transistor M6
1s connected with the gate of the transistor M5 and to a
bit Iine BL1. A program clock signal CLKP is fed to the
other electrode of the capacitor C4. Clock signals that
are 1n phase with each other are fed to clock signal lines
CLKP and CLK2. A clock signal that is 180° out of
phase with the clock signal is fed to a clock signal line
CLK1 (See FIG. 8).

Next, the operations of the Vpp generator 44 and the
high-voltage switch 40c will be described. In a Vpp
generator 44 shown in FIG. 8, when a clock signal
CLK2 is low, a capacitor C1 is charged. Then, the
CLK2 rises. The charge applied to the capacitor C1
passes through a transistor M1 and enters a capacitor
C2. Next, the CLK2 falls and a CLK1 rises. Then, the
capacitor C1 is charged. At this time, charge applied to
the capacitor C2 is sent to a capacitor at the next stage.
However, since a transistor M2 acts as a diode, the
charge will not be sent to the capacitor C1. Thus,
charges are sent subsequently according to the clock
signals CLK1 and CLK2. As a result, a boosted voltage
is fed to an output of a charge pump.

In the high-voitage switch 40¢ of FIG. 7, when a
column latch 39q is high and a signal BTTR is high, a
signal on a bit line BL1 rises. When the signal CLKP is
low, the transistor M5 is turned on. Then, the capacitor
C4 is charged with a high voltage Vpp until the transis-
tor MS is turned off. Then, when the signal CLKP rises,
charges stored in the capacitor C4 flow through a tran-
sistor M6 to the bit line BL1. Then, the gate potential of
the transistor MS connected to the bit line BL1 goes up,
and the capacitor C4 is charged with the high voltage
Vpp until the transistor M5 is turned off (at this time,
the signal CLKP is low). This operation is repeated.
Thus, the bit line BL1 is boosted to the high voltage
Vpp according to the signal sent from the column latch
39a.

The other Vpp switches operate similarly to the high-
voltage switch 40c.

Clock signals CLK1, CLK2, CLKW, CLKE, and
CLKP are generated on the basis of a signal sent from
the oscillator 45 as well as the erasing cycle signal ERS
and program cycle selection signal PRS.

As described above, a high voltage is applied to a
control gate or drain of the memory transistor MQ via
the selection transistor SQ.

However, when an output of a high-voltage (Vpp)
switch 1s applied to the control gate 26 or to a drain 22
of the memory transistor MQ, the leading edge of an
output wave of a high voltage Vpp rises abruptly be-
cause of its small time constant. This greatly damages a
tunnel oxide film 484. At the worst, the tunnel oxide
film 48a is destroyed. |

To alleviate the damage to the tunnel oxide film 484,
the time constant of the leading edge must be reason-
ably large. For this purpose, a waveform shaping circuit
1s mnstalled in the Vpp generator 44.

FIG. 8 further shows a waveform shaping circuit 200.

In FIG. 8, an output voltage Vpp of a Vpp generator
44 1s divided using capacitors C11 and C12. The divided
output 1s fed as a sample signal to a negative input port
of a comparator 220 over a connection line 1.1. On the
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other hand, an output voltage of a supply voltage Vce
1s fed to a positive input port of the comparator 220 via
a switched capacitor 210 over a connection line L2.

‘The switched capacitor 210 is made up of transistors
'T211 and T212 connected in series between the supply
voltage Vcc and connection line L2, a capacitor C14
connected between the junction of the transistors T211
and T212 and ground, and a capacitor C13 connected
between the connection line L2 and the ground. A
clock signal ¢ and a reverse clock signal & are fed to the
gates of the transistors T211 and T212. The drain of the
transistor T212 is connected with the supply voltage
Ve, and the source of the transistor T212 is connected
to the connection line L.2.

In the foregoing construction, the waveform of the
leading edge of an output voltage of a supply voltage
Vcec 1s reshaped according to the clock signal ¢ of the
switched capacitor 210 and the time constant deter-
mined by the capacitors C13 and C14. A voltage whose
waveform is reshaped is fed as a reference voltage to a
positive input port of the comparator 220.

The comparator 220 generates a feedback signal SF
to mndicate the difference between the aforesaid output
voltage of the Vpp generator 44 from the reference
voltage. Based on the feedback signal SF, the clock
signals CLK1 and CLK2 are controlled so that the
output of the Vpp generator 44 will be boosted to a high
voltage while having a leading edge shaped similarly to
the reference voltage.

‘The constructions and operations of an EEPROM
and 1ts peripheral circuits have been described so far.
FIG. 10 shows a construction of a semiconductor sub-
strate on which a conventional semiconductor inte-
grated circuit is formed to provide a microcomputer
having a built-in EEPROM. FIG. 10A shows a layout
of functional blocks formed on a semiconductor sub-
strate. FIG. 10B schematically shows a cross section
taken along line XB—XB of FIG. 10A. In FIGS. 10A
and 10B, 100 denotes a semiconductor substrate on
which a semiconductor integrated circuit is formed. 101
denotes a CPU. 102 denotes a ROM or RAM. 103 de-
notes a universal asynchronous receiver/transmitter
(UART) serving as an input/output unit. 104 and 105
denote EEPROM conirol systems. 107 denotes an EE-
PROM memory cell array. 108 denotes an EEPROM
peripheral high-voltage system. 110 denotes an n-well
region. 11 is a p-type substrate region.

The EEPROM memory cell array 107 corresponds
to a memory cell array 31 in FIG. 5 and to four portions
each of which is made up of a memory cell MC and a
transistor T and enclosed with a dashed line in FIG. 7.
‘The peripheral high-voltage system 108 corresponds to
Vpp switches 40 and 46, a Y gate 35, and part of a Vpp
generator 44 (high-voltage unit), which are shown in
FIG. 5. Alternatively, the peripheral high-voltage sys-
tem 108 corresponds to the peripheral high-voltage
system 108 includes Vpp switches 40z to 40d, 46e, and
46/, and transistors TS to T18, T51, T52, Té61, T62, T71,
and T72, which are shown in FIG. 7, as well as transis-
tors M1 to M4 and M7, and capacitors C1 to C3. C11,
and C12, which are part of the Vpp generator shown in
FIG. 8. Then, the EEPROM control systems 104 and
105 correspond to a write buffer 36, a sense amplifier 41,
an output buffer 42, a data latch 43, a column decoder
33, a row decoder 32, an address latch 34, a column
latch 39, a control unit 37, a timer 38, an oscillator 45,
and the remaining portion of the Vpp generator 44,
which are shown in FIG. 5. Alternatively, the EE-
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PROM control systems 104 and 105 correspond to a
write buffer 36, a sense amplifier 41, buffers BF1 to
BF7, a column decoder 33, a row decoder 32, and col-
umn latches 39z to 394, which are shown in FIG. 7, as
well as a waveform shaping circuit, which is shown in
FIG. 8, except for capacitors C11 and C12.

As illustrated, 1n a conventional semiconductor inte-
grated circuit for a microcomputer having a built-in
EEPROM, the n-well region 110 is created on part of
the semiconductor substrate 100. A p-channel transistor
1s formed in the n-well region, and an n-channel transis-
tor 1s formed in the remaining p-type substrate region.
Then, the CPU 101, ROM/RAM 102, UART 103, and
EEPROM control systems 104 and 105, which are
shown 1n FIG. 10A, are configured as CMOS circuits.
The EEPROM memory cell array 107 and peripheral
high-voltage system 108 are formed in the p-type sub-
strate region 111.

A conventional semiconductor integrated circuit for
a microcomputer having a built-in EEPROM has the
aforesaid construction. To shorien development time
and evolve a variety of products, a microcomputer
having a built-in EEPROM must be interchangeable
with a normal microcomputer without an EEPROM so
that the pattern layout of the normal microcomputer
can be used without modification. Incorporation of a
highly-integrated microcomputer is a must in reducing
chip size.

To further facilitate micromachining, the concentra-
tion of impurities in a semiconductor substrate must be
increased. A semiconductor integrated circuit for a
microcomputer without the latest EEPROM has a
twin-well structure in which a n-well region and a p-
well region are created. However, a high concentration
of impurities in a2 semiconductor substrate intensifies the
substrate effect. If a circuit having a built-in EEPROM,
which has been described as the prior art, is formed on
a semiconductor substrate having a twin-well structure,
the circuit does not operate. The substrate effect is an
effect in which, as a source potential rises, the threshold
voltage of a transistor, Vth, increases. In an EEPROM
in which a source potential is a high voltage, especially,
the rise in source potential must be kept as low as possi-
ble. For this reason, it is difficult in the prior art to
incorporate an EEPROM in a semiconductor inte-
grated circuit for a microcomputer that has a twin-well
structure enabling high density integration of circuits.

SUMMARY OF THE INVENTION

The present invention attempts to solve the aforesaid
problem. An object of the present invention is to pro-
vide a semiconductor integrated circuit in which an
EEPROM is incorporated in a microcomputer having
the latest twin well structure that enables high density
integration of circuits.

To achieve the foregoing object, the present 1nven-
tion provides a single semiconductor integrated circuit
comprising at least an EEPROM memory array having
a plurality of memory cells, each memory cell including
a nonvolatile memory transistor in which data can be
written, and data can be erased electrically arranged in
the form of a matrix, means for generating a high volt-
age necessary for writing data in and erasing data from
the memory cell array, means for supplying the high
voltage selectively to a memory cell, and means for
controlling writing data in reading data from, and eras-
ing from the memory cell array. The memory cell array,
the high-voltage generating means, and the high-volt-
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age supplying means are part of a peripheral high-voit-
age system of the memory cell array in a p-type semi-
conductor substrate and having an NMOS structure in
an n-type semiconductor substrate and has a PMOS
structure. The control means to which no high voltage
is applied is formed as a CMOS in a twin-well region
using a p well and an n well that are created on the
semiconductor substrate.

According to the invention, in a semiconductor inte-
grated circuit the EEPROM memory cell array, the
high-voltage generating means, and the high-voltage
supplying means are part of a peripheral high-voltage
system of the memory cell array is surrounded with a
p-well region or an n-well region that is of the same
conductivity type as on the semiconductor substrate.

According to another aspect of the invention, a single
semiconductor integrated circuit for a microcomputer,
comprising a CPU for processing data, a ROM for
storing programs, a RAM for temporarily storing data,
an mput/output unit for transferring data to and from
external units, an EEPROM memory cell array in
which a plurality of memory cells each including a
nonvolatile memory transistor in or from which data
can be written or erased electrically are arranged in the
form of a matrix, a high-voltage generator that gener-
ates a high voltage necessary for writing or erasing data
in or from the memory cell array, an EEPROM periph-
eral high-voltage system including a high-voltage sup-
plier that supplies the high voltage selectively to any of
the memory cells, EEPROM control systems that con-
trol writing data in, reading data from, and erasing data
from the memory cell array under the control of the
CPU, and system bus means interconnecting the above
components, a portion which consists or the EEPROM
memory cell array and the EEPROM peripheral high-
voltage system and to which a high voltage is applied is
formed on a p-type semiconductor substrate and has an
NMOS structure, or on a n-type semiconductor sub-
strate and has a PMOS structure. The CPU, ROM,
RAM, mnput/output unit, and EEPROM control sys-
tems to which no high voltage is applied are formed as
CMOSs 1n a twin-well region using a p well and an n
well that are created in the semiconductor substrate.

According to fourth aspect of the invention, a semi-
conductor integrated circuit for a microcomputer, in-
cludes a portion in which the EEPROM memory cell
array and EEPROM peripheral high-voitage system are
formed that is surrounded by a p-well region or an
n-well region that is of the same conductivity type as
the semiconductor substrate.

In a semiconductor integrated circuit according to
the invention, a portion of a supply voltage Ve system
that includes a control means and to which a high volt-
age Vpp is not applied has a twin-well structure. This
structure achieves a line width of 1 um or less, enables
mucromachining of a circuit, and improves the degree of
integration. On the other hand, a portion which in-
cludes an EEPROM memory cell array, a high-voltage
generating means, and a high-voltage supplying means
of a peripheral high-voltage system of the memory cell
array, and to which a high voltage Vpp is applied is
formed, for example, on a p-type semiconductor sub-
strate and has an NMOS structure. This structure mini-
mizes the substrate effect and enables a charge pump,
Vpp switches, and memory celis to operate normally.

According to the invention, in the integrated circuit,
a p-type substrate region in which the EEPROM mem-
ory cell array, the high-voltage generating means, and
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high-voltage supplying means of the peripheral high-
voltage system of the memory cell array are formed and
to which the high voltage Vpp is applied is surrounded
by a p-well region as small as possible. This structure
avoids latch up caused by a floating substrate. 5

In a semiconductor integrated circuit for a mi-
crocomputer according to the third invention, a supply
voltage Vcc system which includes a CPU, a ROM, a
RAH, an input/output unit, and EEPROM control
systems and to which a high voltage Vpp is not applied 10
is formed in a twin-well region. This structure realizes a
line width of 1 pm or less, enables micromachining of a
circuit, and improves the degree of integration. On the
other hand, a portion which includes an EEPROM
memory cell array and an EEPROM peripheral high- 15
voltage system and to which the high voltage Vpp is
applied 1s formed, for example, on a p-type semiconduc-
tor substrate and has an NMOS structure. This structure
minimizes a substrate effect, and enables a charge pump,
Vpp switches, and memory cells to operate normally. 20

According to the invention, in an integrated circuit,
the p-type substrate region in which the EEPROM
memory cell array and the EEPROM peripheral high-
voltage system are formed and to which the high volt-
age Vpp 1s applied is surrounded by a p-well region as 25
small as possible. This arrangement avoids a latch-up
phenomenon caused by a floating substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1A shows a layout of functional blocks for a 30
semiconductor substrate of a semiconductor integrated
circuit for a microcomputer having a built-in EEPROM
in which the present invention is implemented, and
FIG. 1B schematically shows an IB—IB cross section
of FIG. 1A; 35

FIG. 2 is a circuit diagram showing a construction of
peripheral circuits of an EEPROM memory cell array
for a semiconductor integrated circuit of the present
invention:

FIG. 3 is a circuit diagram showing a construction of 40
a Vpp generator for a semiconductor integrated circuit
of the present invention:

FIG. 4 is a block diagram schematically showing a
construction of a general IC card microcomputer hav-
ing a built in EEPROM:; 45

FIG. S 1s a block diagram showing an overall con-
struction of an EEPROM; |

FIG. 6A shows a cross section of a memory cell
included in a memory cell array of the EEPROM
shown in FIG. §, and FIG. 6B shows an equivalent 50
circuit:

FIG. 7 is a circuit diagram showing a construction of
peripheral circuits of a memory cell array of the EE-
PROM shown in FIG. 5;

FIG. 8 1s a circuit diagram showing a construction of 55
a Vpp generator shown in FIG. 5;

FIG. 9 is a timing chart of various signals during
EEPROM writing; and

FIG. 10A shows a layout of various functional blocks

for a semiconductor substrate of a conventional semi- 60

conductor mtegrated circuit for a microcomputer hav-

ing a built-in EEPROM, and FIG. 10B schematically
shows an XB—XB cross section of FIG. 10A.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the present invention will be de-
scribed in conjunction with the drawings.

65

12

FIGS. 1A and 1B show an embodiment of a semicon-
ductor integrated circuit according to the present in-
vention, that is, a construction of a semiconductor sub-
strate of a semiconductor integrated circuit for a mi-
crocomputer having a built-in EEPROM in which the
present invention is implemented. FIG. 1A shows a
layout of various functional blocks on a semiconductor
substrate. FIG. 1B schematically shows a cross section
of F1G. 1A taken along line IB—IB. In this embodi-
ment, similarly to the prior art described previously, a
semiconductor integrated circuit is formed on a p-type
semiconductor substrate. In FIGS. 1A and 1B, 100z
denotes a p-type semiconductor substrate on which a
semiconductor integrated circuit is formed. 101 denotes
a CPU. 102 denotes a ROM or RAM. 103 denotes a
UART serving as an input/output circuit. 104 and 105
denote EEPROM control systems. 107 denotes an EE-
PROM memory cell array. 108 denotes an EEPROM
peripheral high-voltage system. 110 denotes an n-well
region. 111 denotes a p-type substrate region that is
smaller than a conventional one. 112 denotes a p-well
region. 114 denotes a twin-well region made up the
n-well region 110 and p-well region 112.

As shown in FIGS. 1A and 1B, the CPU 101, ROM
or RAM 102, UART 103, and EEPROM control sys-
tems 104 and 105 are Formed as CMOSs in the twin-
well region 114 made up of the n-well region 110 and
the p-well region 112. On the other hand, the EEPROM
memory cell array 107 and EEPROM peripheral high-
voltage system 108, to which a high voltage Vpp is
applied, are formed as NMOSs in the p-type substrate
region 111.

The p-type substrate region 111 in which the EE-
PROM memory cell array 107 and EEPROM periph-
eral high-voltage system 108 are Formed is, preferably,
as indicated with a dashed line 1124 in FIG. 1A, sur-
rounded with a p-well region. |

Components Formed in the p-type substrate region
111 in the circuitry shown in FIGS. 1A and 1B will be
described.

FI1G. 2 shows circuitry of peripheral circuits of an
EEPROM memory cell array in a semiconductor inte-
grated circuit of the present invention. The electrical
system of the circuitry is identical to that shown in FIG.
7. In FIG. 2, a section enclosed with a dot-dash line
111a is a portion that is formed in a p-type substrate
region 111 and has an NMOS structure, The section
111q includes a portion corresponding to an EEPROM
memory cell array and a high-voltage supplying means
for supplying a high voltage selectively to a memory
cell array. The EEPROM memory cell array includes
four memory cells one of which includes, for example,
a memory cell MC1 and a transistor T1 and which are
enclosed with dashed lines. The high-voltage supplying
means mcludes Vpp switches 40a to 40d, Vpp switches
46¢ and 46/, high-voltage cutoff transistors TS and T8,
transistors T7 and T8 for connecting column latches
39a and 395 to bit lines BL1 and BL2, transistors T9 and
T10 for connecting column latches 39¢ and 394 to con-
trol gate lhines CGL1 and CGL2, transistors T11 and
T12 for grounding the control gate lines CGL1 and
CGL2, transistors T13 and T14 for grounding the bit
lines BL1 and BL.2, pre-charge transistors T15 to T18,
transistors TS1 and T52 for grounding source lines SL1
and SL2, and Y-gate transistors T61, T62, T71, and
T72.

On the other hand, a sense amplifier 41, a write buffer
36, various buffers BF1 to BF7, a column decoder 33, a
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row decoder 32, and column latches 39a to 394 are part
of a supply voltage Vcc system, to which a high voltage
Vpp is not applied. These components belong to the
EEPROM control systems 104 and 105 shown in FIG.
1A, which, therefore, are formed as CMOSs in the
twin-well region 114.

FIG. 3 shows circuitry of a Vpp generator (high-
voltage generator) 44 (See FIG. 5) in a semiconductor
integrated circuit of the present invention. The electri-
cal system of the circuitry is identical to the conven-
tional system shown in FIG. 8. In FIG. 3, a section
enclosed with a dot-dash line 111¢ is a portion that is
formed in a p-type substrate region as an NMOS struc-
ture. The region 111q includes a portion corresponding

10

to a high-voltage generating means that generates a 15

high voltage. The high-voltage generating means in-
cludes transistors M1 to M4, and capacitors C1 to C3,
C11, and C12. On the other hand, a portion including a
waveform shaping circuit 200 except capacitors C11
and C12 are part of a supply voltage Vcc system, to
which a high voltage Vpp is not applied. That portion
relates to the EEPROM control systems 104 and 105,
which is, therefore, formed in the twin-well region 114
and has a CMOS structure.

The EEPROM memory cell array 107 shown in FIG.
1 corresponds to the aforesaid EEPROM memory cell
array. The high-voltage peripheral system 108 corre-
sponds to a high-voltage voltage supplying means
shown in FIG. 2 or a high-voltage generating means
shown in FIG. 3. The EEPROM control systems 104
and 105 (control means or EEPROM control systems)
correspond to the circuits of FIG. 5 except sections
enclosed with dot-dash lines 111a in FIG. 2 or 3: that is,
except for a memory cell array 31, Vpp switches 40 and
46, 2 Y gate 35, and part of a Vpp generator 44. The
system bus shown in FIG. 4 is a system bus means.

As shown in FIGS. 1A and 1B, a CPU 101, 2a ROM or
RAM 102, a UART 103, and EEPROM control sys-
tems 104 and 105 are formed in a twin-well region 114
made up of a p-well region 112 and an n-well region 110
that are created in a p-type semiconductor substrate.
This provides interchangeability with latest highly-inte-
grated microcomputers. Furthermore, an EEPROM
memory cell array 107 and an EEPROM peripheral
high-voltage system 108 are formed in a p-type sub-
strate- region 111 on the above p-type semiconductor
substrate. This minimizes the substrate effect and ena-
bles a high-voltage system to operate normally. Specifi-
cally, when a portion of a power supply system to
which a high voltage is not applied is configured, vari-
ous circuits that have already been designed for a twin-
well structure permitting high density integration can
be used. Moreover, an EEPROM can be united with
the portion. This helps shorten development time and
evolve a variety of products.

When the p-type substrate region 111 is surrounded
by a p-well region, the ability to withstand latch-up
IMpPIroves.

In the aforesaid embodiment, a semiconductor inte-
grated circuit 1s formed on a p-type semiconductor
substrate. The present invention is not limited to this
type of semiconductor integrated circuit but may be
implemented in a semiconductor integrated circuit
formed on an n-type semiconductor substrate. When an
n-type semiconductor substrate is used, a CPU 101, a
ROM or RAM 102, an UART 103. EEPROM control
systems 104 and 105 are formed as CMOSs in a twin-
well region created on an n-type semiconductor sub-
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strate. An EEPROM memory cell array 107 and a pe-
ripheral high-voltage system 108 are formed as PMOSs
in an n-type substrate region. The n-type substrate re-
gion 1s surrounded with an n-well region.
In the aforesaid embodiment, a semiconductor inte-
grated circuit for a microcomputer having a built-in
EEPROM has been described. The present invention is
not limited to this type of semiconductor integrated
circuit. The present invention can be implemented in
any type of semiconductor integrated circuit having a
built-in EEPROM, and provides the same advantages as
those described previously.
As described so far, in a semiconductor integrated
circuit according to the present invention, a p-type
substrate region and a twin-well region made up of an
n-well region and a p-well region are created. An EE-
PROM memory cell array and a peripheral high-volt-
age system, to which a high voltage is applied, are
formed as NMOSs in the p-type substrate region. The
control system and the other components are formed as
CMOSs i the twin-well region. Therefore, the high-
voltage system can operate in the p-type substrate re-
gion. Various layouts of circuits that are highly inte-
grated and designed in an advanced microcomputer
manufacturing process can be adopted for the twin-well
region. This helps shorten a development time and
evolve a variety of products.
When a p-type substrate region is surrounded by a
p-well region, the capability of withstanding latch-up
improves, providing a high reliability.
The present invention has the advantage of providing
a semiconductor integrated circuit for a microcomputer
having the aforesaid construction.
What 1s claimed is:
1. A single semiconductor integrated circuit compris-
ng:
a semiconductor substrate:
an EEPROM memory cell array comprising a plural-
ity of memory cells, each memory cell including a
nonvolatile memory transistor in which data can be
written and from which data can be erased electri-
cally, said array being arranged in a matrix;

means for generating a high voltage necessary for
writing data in and erasing data from said memory
cell array;

means for supplying said high voltage selectively to

said memory cells; and

means for controlling writing data into, reading from,

and erasing data from said memory cell array,
wherein said memory cell array, said high-voltage
generating means, and said high-voltage supplying
means are disposed in a first area of said semicon-
ductor substrate and have an NMOS structure
when said semiconductor substrate is p-type and
have a PMOS structure when said semiconductor
substrate is n-type and wherein said semiconductor
substrate includes a first well of the same conduc-
tivity type as said substrate peripherally surround-
ing said first area, a second well of the opposite
conductivity type from said substrate, and a third
well of the same conductivity type as said sub-
strate, said second and third wells being disposed
outside said first area and said first well, and said
means for controlling is a CMOS structure dis-
posed within said second and third wells.

2. A smgle semiconductor integrated circuit mi-
crocomputer comprising:

a semiconductor substrate;
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a CPU for processing data;

a ROM for storing programs;

a RAM for storing data temporarily;

an input/output unit for transferring data to and from
external units;

an EEPROM memory cell array including a plurality
of memory cells, each memory cell including a
nonvolatile memory transistor in which data can be
written and from which data can be erased electri-
cally, said memory cell array being arranged in a
matrix;

a high voltage generator for generating a high volt-
age for writing data in and erasing data from said
memory cell array;

an EEPROM peripheral high-voltage system includ-
g a hgh-voltage supplier for supplying the high
voltage selectively to any of the memory cells;

an EEPROM control system for controlling writing
data into, reading data from, and erasing data from
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said memory cell array under control of said CPU:
and :

system bus means interconnecting said CPU, ROM,

RAM, input/output unit, and EEPROM memory
cell array, wherein said EEPROM memory cell
array and saild EEPROM peripheral high-voltage
system are disposed 1n a first area of said semicon-
ductor substrate and have an NMOS structure
when said semiconductor substrate is p-type and
have a PMOS structure when said semiconductor
substrate 1s n-type and wherein said semiconductor
substrate includes a first well of the same conduc-
tivity type as said substrate peripherally surround-
ing said first area, a second well of the opposite
conductivity type from said substrate, said second
and third wells being contiguous to each other and
disposed outside said first area and said first well,
and said CPU, ROM, RAM, input/output unit, and
EEPROM control systems are CMOS structures
disposed within said second and third wells.

* X X X *
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